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(57) Abstract 

A process and apparatus is described for the production of purifi- 
ed fullerenes using a non-reactive gas to collect and transport impure 
fulierenes from an evaporation zone to a heated filter zone in which solid 
impurities may be filtered out of the mixture. If one or more condensed 
fullerenes are present in the gas stream entering the filter zone, such con- 
densed fullerenes may be vaporized in the filter zone and carried to a 
condensation zone in which one or more vaporized fullerenes may be rec- 
overed. When more than one vaporized fullerene is present in the gas en- 
tering either the filter zone or the condensation zone, a temperature gra- 
dient may be used to permit separation and recovery of purified portions 
of different fullerenes. 
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PROCESS AND APPARATUS FOR PRODU CING AND 
SEPARATING FULLERENES 

BACKGROUND Of THE INVENTION 



1. Field of the Invention 
5 This invention relates to a process and apparatus 
for forming, recovering, and separating fullerenes. 
More particularly, this invention relates to a 
process and apparatus for making a mixture of impure 
fullerenes, transporting the mixture via a non^ 
10 reactive gas to a heated filter zone, filtering out 
solid impurities from the vaporized fullerenes, 
thermally separating the fullerenes in the vapor 
phase, and then condensing and recovering the 
fullerenes. 

15 2. Description of tfre Related Art 

The formation of fullerene structures has been 
reported by the formation of soot from the evapora- 
tion of graphite electrodes in an evaporation cham- 
ber. The soot is scraped from the walls of the 

20 chamber and the fullerenes produced in the soot sure 
separated from the remaining carbon forms therein by 
dissolving the fullerenes in a solvent such as ben- 
zene or toluene, and then separating this solution 
from the undissolved soot. The solvent is then 

25 evaporated to recover the fullerenes. 

Such fullerene formation and recovery methods are 
described, for example, by Kratschmer et al. in 
"Solid C^: A New Form of Carbon", published in 
Nature, Volume 247, pp 354-357, on 27 September 



WO 93/13014 



PCT/US92/10893 



1990; and by Y.K. Bae et al. in "Production, Charac- 
terization, and Deposition of Carbon Clusters" , , 
prepared for the Symposium on Clusters and Cluster 
Assembled Materials Special Session on Buckminster- 
5 fullerenes, in Boston, MA on November 29, 1990, and 
published in The Proceedings of the 1990 Meeting of 
the MRS Society . 

Such fullerenes, after formation and recovery by 
methods such as described above, are then separated 
10 from one another, if desired, i.e., purified, so 
that each may be independently used. Convention- 
ally, such a separation is carried out using column 
chromatographic procedures. 

However, while such techniques have been satisfac- 
15 tory for producing small quantities of fullerenes 
for experimental purposes, there remains a need for 
a process wherein larger quantities of fullerenes 
can be reliably produced, so that they may be util- 
ized for commercial purposes such as, for example, 
20 in superconducting materials, in fullerene based 
chemicals, in polymers, etc. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to 
provide a process and apparatus for producing, 4 
25 collecting, purifying, and recovering fullerenes. 

t 

It is another object of this invention to provide a 
process and apparatus for producing, collecting, 
purifying, and separating and recovering individual 
fullerenes. 
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i 

It is yet another object of this invention to 
- provide a process and apparatus for producing an 

impure mixture of fullerenes by evaporation of 
graphite, collecting the mixture in a heated flow of 
5 a non-reactive gas, purifying the fullerenes by 
separating them from entrained solids in the gas, 
and then recovering fullerenes from the gas by 
condensation. 

It is a further object of this invention to provide 
10 a process and apparatus for producing an impure 
mixture of fullerenes by evaporation of graphite, 
collecting the mixture in a heated flow of a non- 
reactive gas, purifying the fullerenes in the heated 
gas by separating them from entrained solids in the 
15 gas in a heated filter means which is also capable 
of vaporizing one or more condensed fullerenes in 
the gas, and then separating and recovering individ- 
ual fullerenes from the gas in a condensation zone. 

These and other objects of the invention will be 
20 apparent from the following description and accompa- 
nying drawings. 

3BW PBgCRiyTTCT? of TflE DRAymQjs 

Figure 1 is a flowsheet illustrating the process of 
. the invention. 



25 



Figure 2 is a vertical cross-sectional view of 
apparatus used in the practice of the invention. 
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Figure 3 is a graph showing the separation of and 
Cjq fullerenes in a temperature graded condensation 
zone. 

DETAILED DESCRIPTION OF THE INVENTXON 

5 The process and apparatus of the invention provides 
for the production of purified fullerenes using a 
non-reactive gas to collect and transport impure 
fullerenes from an evaporation zone to a heated 
filter zone in which solid impurities may be f il- 

10 tered out of the mixture and one or more condensed 
fullerenes in the gas stream may be vaporized and 
carried to a condensation zone in which the vapor- 
ized fullerenes may be recovered* When more than 
one vaporized fullerene is present in the gas enter- 

15 ing either the filter zone or the condensation zone, 
a temperature gradient may be used to permit separa- 
tion and recovery of purified portions of different 
fullerenes. 

Referring now to Figure 2, the apparatus of the 
20 invention used in practicing the process of the 
invention is shown comprising, in general , an 
evaporation means 10, a filtering means 40, and a 
condensation and recovery means 70. 

Evaporation means 10 comprises an evaporation cham- 
25 ber 12 containing two spaced apart and opposed 
graphite electrodes 20 and 22 which may be main- 
tained at a distance or gap of from about 1 milli- 
meter (mm) to about 10 mm apart. Electrodes 20 and 
22 may be cooled by external water cooling means 24 
30 surrounding the respective electrodes external of 
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achamber 12 to control the temperature of electrodes 
- 22 and 24 during the evaporation. 

Electrode feed means 26 may be provided in connec- 
tion with each electrode to slowly move or feed 
5 graphite electrode rods 20 and 22 inward toward one 
another at a rate approximately equal to the rate of 
consumption of rods 20 and 22 to maintain the gap 
between the rods. To avoid having to shut down the 
process to change rods, new rods may be bonded to 
10 the outer ends of graphite rods 20 and 22 , for 
example, using technology well known in the aluminum 
smelting art to replenish the carbon electrodes used 
in the reduction reaction to produce aluminum. 

In a typical arrangement, 1/4" diameter graphite 
15 rods about 12" long are spaced apart in chamber 12 
to provide a gap therebetween ranging from about 1 
mm to about 5 mm, and an AC or DC arc is struck 
across the gap using a high current 20-30 volt power 
supply 23 with a current of from about 50 to about 
20 200 amps flowing across the gap to vaporize or 
evaporate the graphite electrodes. When operated in 
this manner, the life of each electrode rod will 
usually extend from about 60 to about 90 minutes. 

Evaporation chamber 12 may be constructed of any 
% 25 material which will be non-reactive with the materi- 

als being generated and entrained/vaporized in the 
^ gas flow through chamber 12. Preferably, chamber 12 

is constructed of stainless steel. 



30 



Evaporation chamber 12 is provided with a gas 
entrance port 14 through which a non-reactive gas 
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from an external gas source 16 enters chamber 12 to 
remove from chamber 12 the carbonaceous mixture of 
soot and f ullerenes produced as graphite electrodes 
20 and 22 evaporate. 

5 The non-reactive gas used to sweep the impure 
mixture of fullerenes from chamber 12 may comprise 
any gas which will be non-reactive with any of the 
materials contained in the impure fullerene mixture 
being generated in chamber 12. This includes inert 
10 gases such as helium, neon, argon, krypton, xenon, 
as well as other non-reactive gases such as nitro- 
gen. Inert gases such as helium and argon are 
preferred for this purpose. 

The non-reactive gases entering chamber 12 may be 
15 heated solely by the heat generated by the arc 
established between electrodes 20 and 22 in chamber 
12. Preferably, however, the gases are preheated in 
heater 17 up to a temperature of at least 500 'C, and 
preferably within a range of from about 500 *C to 
20 about 1200*C before entering chamber 12 to evaporate 
or vaporize any fullerenes being produced by the 
carbon evaporation and condensing reactions occur- 
ring in chamber 12 where the fullerenes are being 
formed. That is, the preheated gas may be used to 
25 anneal the newly forming fullerenes and to vaporize 
any fullerenes (such as higher molecular weight 
fullerenes) which may have condensed on solid 
impurities such as soot which may act as nucleation 
sites for such condensation. 

30 The volume of the flow of gases through chamber 12 
will depend, at least in part, upon the volume of 
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chamber 12. For example, for a 1 liter evaporation 
. chamber, the flow of gas through chamber 12 should 

range from about 1 standard cubic centimeter per 
minute (seem) to about 100 seem. 

5 The gaseous mixture of entrained solid particles as 
well as vaporized fullerenes are swept out of 
chamber 12 through an exit port 18 into a heated 
conduit 30* Heated conduit 30 comprises an inner 
tube 32, through which the heated gases flow to 
10 filter means 40; a heater coil 34 in thermal contact 
with the outer surface of tube 32; and an outer heat 
shield 3 6 . Inner tube 3 2 has an inner diameter 
which may range from about 2 cm to about 5 cm, de- 
pending upon the volume of chamber 12. 

15 The purpose of heated conduit 30 is to provide for 
passage of the gas, including vaporized fullerenes 
and entrained solids, to filter zone 40 without any 
premature condensation of the fullerene vapors on 
the inner surface of tube 32. 

20 Inner tube 32 of conduit 30 may be constructed of 
any non-reactive material such as quartz or any 
metal which will be non-reactive with the heated 
gases flowing through conduit 30. Preferably, tube 
32 is constructed of stainless steel* 

25 Heater coil 34 may comprise an electrical resistance 
heater or a tubular coil through which a heated 
liquid flows. Heater coil 34 should be capable of 
maintaining the walls of inner tube 32 at a temper- 
ature of at least about 700 *C, and preferably within 

30 a range of from about 750 # C to about 1000 # c, to 
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prevent such premature condensation of vaporized 
fullerenes on the inner surface of tube 32. 

Heat shield 36 may be formed of any material which 
will suitably reflect back the heat being radiated 
5 from tube 32 and thereby reduce the power needed to 
maintain the temperature within tube 32. Prefera- 
bly, heat shield 36 is constructed of stainless 
steel. Insulation (not shown) may be placed in the 
space between heat shield 36 and inner tube 32 , if 
10 desired, to further conserve heat* A tube furnace, 
having a suitable non-reactive (e.g., stainless 
steel) tube therein, could be used for this portion 
of the apparatus. 

The heated gas, containing entrained solid impuri- 
15 ties, such as soot, and vaporized fullerenes, passes 
through heated conduit 30 into filter means 40 which 
comprises a large heated filter chamber 42 which may 
comprise a cylinder and which has an upper entrance 
port 44 through which the heated gases pass into 
20 filter chamber 42. Filter chamber 42 is provided 
with a plurality of filter means, which in the il- 
lustrated embodiment are showed as circular discs or 
plates 48, through which the gases pass while solid 
impurities, such as soot, are trapped on the filter 
25 surfaces. The filtered gases then flow through an 
exit port 46 in the bottom of filter chamber 42 into 
the condensation zone 70. 

Filter discs 48 may comprise any porous material 
which is non-reactive with the fullerenes in the 
30 gaseous mixture passing through the filter. Filter 
discs 48 should have an average pore size ranging 
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from about 0.2 microns to about 10 microns to permit 
- any solids having an average diameter larger than 

about 1 micron to be trapped or filtered out by 
filter discs 48. 

5 When a plurality of filter discs 48 are utilized, as 
shown in Figure 2, it may be desirable to grade the 
pore size of the filters, for example, to provide a 
coarse filter, followed by a medium filter and then 
a fine filter. In such instances, the porosity of 
10 the coarse filter may range from about 10 microns to 
about 20 microns, the porosity of the medium filter 
should range from about 1 micron to about 2 microns, 
and the porosity of the fine filter should range 
from about 0.2 microns to about 0.5 microns. 

15 In accordance with the invention, filter means 40 
are maintained at an elevated temperature by the 
provision of heating coils 50 around the outer 
surface of the sides of filter chamber 42 and, as 
shown in Figure 2, preferably also on the outer 

20 surface of the top of chamber 42. It will be 
further noted in this regard, that to prevent 
premature condensation of the fullerenes in the gas 
stream entering filter zone 40 through conduit 30, 
inner tube 32 and a portion of heater coil 34 

25 thereon extend a short distance into filter chamber 
42. 

, Heating coils 50, in one embodiment, provide suffi- 

cient heat to filter chamber 42 to vaporize any 
fullerenes which may not already be in a gaseous 
30 state so that only solid impurities, such as soot, 
will be trapped and removed by filter discs 48. 



WO 93/13014 



PCT/US92/10893 



When filter means 40 are operated in this mode, 
heater coils 50 maintain filter chamber 42 at a , 
temperature ranging from about 700 *C to about 
1000'C. 

5 In another embodiment, when it is desired to produce 
only a particular fullerene or group of fullerenes, 
the temperature may be set to condense all fuller- 
enes having a higher molecular weight than the 
fullerene or group of fullerenes desired. In this 

10 manner, filter means 40 will partially purify the 
final product, with respect to fullerenes having a 
lower vapor pressure than the fullerene or fuller- 
enes to be recovered. Only the vaporized fullerene 
or fullerenes will then pass through filter discs 48 

15 and on to the condensation zone 70. Thus, for 
example, if it is desired to only recover the Cm 
fullerene, the temperature in filter zone 40 is 
maintained at from about 425 "C to about 475* C so 
that all other (higher molecular weight) fullerenes 

20 will condense and be trapped in filter means 40. 

When operating in this mode, it is possible to also 
collect different molecular weight fullerenes by 
first operating filter means 40 at a low enough 
temperature so that only the lowest molecular weight 

25 fullerene will remain in a vapor state and then, 

after collecting and recovering this fullerene in , 
the condensation zone, shutting off the arc between 
the electrode, while maintaining the gas flow. If ♦ 
the temperature in filter zone 40 is then raised 

30 sufficiently to vaporize the next higher molecular 
weight fullerene, it may also be condensed and 
recovered in the condensation zone. This procedure 
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may then be repeated until all of the fullerenes 
. initially condensed in filter zone 40 have been 

independently recovered, following which production 
may be resumed. 

5 In yet another embodiment, heater coils 50 may be 
used to establish a temperature gradient in filter 
chamber 42 with, for example, the top portion of 
filter chamber 42 maintained at 700 # C and the bottom 
portion at 500 *C, with the intermediate portion 

10 maintained at about 600 'C to establish a temperature 
gradient along the walls of filter chamber 42 where, 
for example, Cj 0 fullerenes will condense on the 
walls of filter chamber 42 adjacent the top thereof, 
while ego fullerenes will condense on the walls of 

15 chamber 42 adjacent the bottom thereof. 

In any of the above embodiments, the filtered gases 
and uncondensed fullerenes exit filter means 40 via 
exit port 46 and then pass into condensation zone 70 
via tube 60. Tube 60 preferably is also heated to 
20 avoid premature condensation therein by the provi- 
sion of heater coils 62 on at least the upper 
portion of tube 60, as shown in Figure 2. 

Condensation zone 70 comprises a tubular condenser 
72 into which tube 60 extends for about one-half to 
25 two-thirds of the length of condenser 72. Heater 
coils 62, therefore, may be further extended, if 
desired, around the portion of tube 60 within 
condenser 72 as well, to further prevent condensa- 
tion within tube 60* 
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Cooling coils 74, in contact with the outer surfaces 
of condenser 72, cool the incoming gases to vaporize , 
the fullerene or fullerenes remaining in the gases. 
As shown in Figure 2, cooling coils 74 may extend 
5 around the top, side and bottom outer surfaces of 
condenser 72 . Cooling coils 74 maintain the temper- 
ature in condenser 72 within a range of from about 
30 "C to about 100 *C. 

As shown in Figure 2, a disc filter 78 may be placed 
10 adjacent the end 62 of tube 60 so that the gases 
flowing back through filter 78 to an exit port 76 in 
condenser 72 will not contain any condensed fuller- 
enes. The gases leaving condenser 72 through exit 
port 76 then pass into pump 80 from which the gases 
15 may then either be vented to the atmosphere or ad- 
vantageously recycled back to heated gas source 16 
through pipe 82 shown in dotted lines in Figure 3. 

Condenser 72 may also be operated with a temperature 
gradient therein by extending the portion of con- 
20 denser 72 below filter 78 and establishing a temper- 
ature gradient along this portion of the condenser 
wall ranging, for example, from 100 *c just below 
filter 78 down to -50 *C adjacent the bottom of 
condenser 72. 

25 To provide for continuous operation of the process # 
and apparatus of the invention, more than one 
condenser 72 may be provided in parallel with each , 
connected to filter means 40 via a tube such as tube 
60, but with a shutoff valve provided so that one 

30 condenser may be taken off line and product removed 
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therefrom while the other condenser remains in 
operation. 

To further illustrate the process and apparatus of 
the invention, and C^, fullerenes were produced, 
5 collected, purified, condensed, and recovered by 
striking an arc in a 1 mm gap between two 1/4" dia- 
meter graphite rods in a 20 liter evaporation cham- 
ber while flowing 10 seem of helium gas through the 
chamber to sweep the soot containing the and 

10 fullerenes out of the chamber to deposit on a 1 
micron filter. The soot containing the condensed 
fullerenes was taken out of the filter and placed at 
the first end of a quartz tube filled with glass 
Raschig rings and maintained at a temperature of 

15 about 700 # C at this first end. A temperature 
gradient was maintained in the tube extending from 
about 700 *C at this end to about 450 'C adjacent the 
opposite end of the tube* 

The fullerenes in the soot were vaporized in the 
20 quartz tube and carried by a slow flow of hot helium 
gas to the cooler end of the tube where they con- 
densed on the tube wall. Examination of the fuller- 
enes condensed and collected in the low temperature 
end of the tube indicated that substantially pure 
25 had been recovered. The graph of Figure 3 illus- 
trates the makeup of the condensed fullerenes along 
the temperature gradient in the tube. It will be 
noted that mixtures of C w and C^, fullerenes con- 
densed and collected on the tube walls maintained at 
30 the higher temperature, while the fullerenes which 
condensed adjacent the lower portions of the tube 
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maintained at the lower temperature consisted 
essentially of only C« fullerenes. 

Thus, the invention provides a method and apparatus 
wherein an impure mixture of fullerenes may be pro- 
5 duced by evaporation of graphite, collected in a 
gas, purified by filtration to remove solids, and 
the vaporized fullerenes then condensed and recov- 
ered from the gas. When it is desired to separately 
recover different molecular weight fullerenes, a 
10 temperature gradient may be used to permit separa- 
tion and recovery of purified portions of different 
fullerenes. 

Having thus described the invention what is claimed 
is: 
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1. A process for making fullerenes which comprises: 

a) producing an impure mixture containing one 
or more fullerenes in a first zone; 

b) collecting said impure mixture of fuller- 
5 enes from said first zone by flowing a non- 
reactive gas through said first zone; 

c) purifying said impure mixture of fuller- 
enes by separating out solid impurities from 
said fullerenes; and 

10 d) recovering said fullerenes from said gas 

in a condensation zone. 

2. The process of claim 1 including the further 
step of separating and recovering individual fuller- 
enes from said gas. 

3 . The process of claim 1 wherein said step of pro- 
ducing said impure mixture containing one or more 
fullerenes in said first zone further comprises 
evaporating carbon in said first zone. 

4* The process of claim 1 wherein said step of 
collecting said impure mixture of fullerenes from 
said first zone by flowing a gas through said first 
zone further comprises vaporizing and/or entraining 
5 said impure mixture of fullerenes in said gas. 

5. The process of claim 4 wherein said gas is pre- 
heated before being introduced into said first zone 
to a temperature sufficient to vaporize any fuller- 
enes in condensed form in said first zone. 



WO 93/13014 



PCT/US92/10893 



-16- 

6. The process of claim 4 wherein said step of 
purifying said impure mixture of fullerenes by 
separating out impurities from said fullerenes 
further comprises passing said mixture through 

5 filter means maintained at a temperature sufficient- 
ly high to vaporize any fullerenes not already 
vaporized to thereby purify said mixture by filter- 
ing out non-vaporized portions of said impure gas 
mixture. 

7. The process of claim 4 wherein said step of 
purifying said impure mixture of fullerenes by 
separating out impurities from said fullerenes 
further comprises passing said mixture through 
filter means maintained at a temperature sufficient- 
ly low to condense one or more higher molecular 
weight fullerenes while permitting one or more lower 
molecular weight vaporized fullerenes to pass 
through said filter means for subsequent condensa- 
tion said recovery in a condensation zone. 

8. The process of claim 4 wherein said step of 
purifying said impure mixture of fullerenes by 
separating out impurities from said fullerenes 
further comprises passing said mixture through 

5 filter means maintained at a temperature gradient to 
thereby condense one or more fullerenes in said 
filter means. <• 

9. The process of claim 2 wherein said step of * 
separating and recovering individual fullerenes from 

said gas f urther comprises passing said gas contain- 
ing said vaporized fullerenes through a temperature 
5 graded condensation zone. 



5 



10 



10. A process for producing fullerenes which 
comprises : 

a) forming a mixture of soot and fullerenes 
by evaporation of a carbonaceous source in a 
first zone; 

b) collecting said mixture by passing a 
heated flow of a non-reactive gas through said 
first zone to vaporize and/or entrain said 
mixture in said gas; 

c) purifying said fullerenes in said heated 
gas by separating them from entrained soot in 
said gas in a filtering zone maintained at a 
temperature sufficiently high to vaporize any 
condensed fullerenes in said mixture; and 

d) then recovering said fullerenes from said 
gas by condensation. 

11. The process of claim 10 wherein individual 
fullerenes are produced by the further step of sepa- 
rating and recovering individual fullerenes from 
said gas by condensation of one or more fullerenes 
in a temperature graded zone. 

12. The process of claim 11 wherein said non- 
reactive gas is selected from the group consisting 
of helium, neon, argon, krypton, xenon, and nitro- 
gen. 

13. The process of claim 10 wherein said non- 
reactive gas is preheated to a temperature of at 
least about 500 *C before passing through said first 
zone. 
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14. The process of claim 10 wherein said filtering 
zone is maintained at a temperature of at least 
about 700 *c to vaporize any condensed fullerenes in 
said non-reactive gas. 

15. The process of claim 10 including the further 
step of separating and recovering individual fuller- 
enes from said gas. 

16. The process of claim 15 wherein said step of 
separating and recovering individual fullerenes from 
said gas further comprises passing said gas contain- 
ing said vaporized fullerenes through a temperature 

5 graded condenser. 

17. The process of claim 10 which further comprises 
maintaining said filtering zone at a temperature 
which will condense all fullerenes in said gas 
except Cm fullerenes and then recovering said C w 

5 fullerenes from said gas by condensation in a 
condensation zone maintained at a temperature below 
the vaporization temperature of said C^, fullerenes. 
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18. The process of claim 17 which further comprises 
recovering other fullerenes from said mixture by the 
steps of: 

a) stopping said evaporation of said carbona- 
ceous source in said first zone; 

b) continuing to flow heated gas into said 
filtering zone; 

c) raising the temperature in said filtering 
zone until one or more condensed fullerenes in 
said filtering zone vaporizes; and 

d) recovering said one or more vaporized 
fullerenes from said gas by passing said gas 
containing said vaporized fullerenes through 
said condensation zone. 

19. The process of claim 18 which further includes 
the step of separating and recovering individual 
fullerenes from said gas by passing said gas con- 
taining said vaporized fullerenes through a tempera- 
ture graded filter to condense one or more fuller- 
enes before said gas reaches said condensation zone. 

20. The process of claim 18 which further includes 
the step of separating and recovering individual 
fullerenes from said gas by passing said gas con- 
taining said vaporized fullerenes through a tempera- 
ture graded condenser in said condensation zone. 
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21. A process for producing fuller enes which 
comprises: t 

a) forming a mixture of soot and one or more 
fullerenes by evaporation of graphite in a 

5 first zone; 

b) collecting said mixture by passing through 
said first zone a heated flow of a non-reac- 
tive gas selected from the group consisting of 
helium, neon, argon, krypton, xenon, and 

10 nitrogen to vaporize and/ or entrain said 

mixture in said gas; 

c) purifying said one or more fullerenes in 
said heated gas by separating them from said 
entrained soot in said gas in a filtering zone 

15 maintained at a temperature sufficiently high 

to vaporize any condensed fullerenes in said 
mixture; and 

d) recovering said one or more vaporized 
fullerenes from said gas by passing said gas 

20 containing said one or more vaporized fuller- 

enes through a temperature graded condensation 
zone. 
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22. Apparatus for making and recovering fullerenes 
which comprises: 

a) means for producing an impure mixture 
containing one or more fullerenes in a first 
zone; 

b) means for collecting said impure mixture 
of fullerenes from said first zone by flowing 
a non-reactive gas through said first zone; 

c) means for purifying said impure mixture of 
fullerenes by separating out solid impurities 
from said fullerenes; and 

d) means for recovering said fullerenes from 
said gas. 

23. The apparatus of claim 22 wherein said means 
for producing an impure mixture containing one or 
more fullerenes in a first zone comprises carbona- 
ceous rods spaced in an evaporation chamber. 

24. The apparatus of claim 23 wherein said means 
for collecting said impure mixture of fullerenes 
from said first zone further comprises a source of 
non-reactive gas connected to said evaporation 

5 chamber to thereby flow said non-reactive gas 
through said evaporation chamber. 

25. The apparatus of claim 24 wherein said means 
for purifying said impure mixture of fullerenes by 
separating out solid impurities from said fullerenes 
further comprises heated filter means. 

26. The apparatus of claim 25 wherein said heated 
filter means further comprise means for maintaining 
a temperature gradient in said filter means. 
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27. The apparatus of claim 25 wherein heated 
conduit: means connect said evaporation chamber with r; 
said heated filter means. 

28. The apparatus of claim 22 wherein said means 
for recovering said fullerenes from said gas further 
comprise condenser means. 

29. The apparatus of claim 28 wherein said condens- 
er means further comprise means for maintaining a 
temperature gradient in said condenser means. 

30. The apparatus of claim 25 wherein a heated 
conduit connects said filter means with condenser 
means for recovering said fullerenes from said gas. 
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PRODUCING AN IMPURE MIXTURE. 

COKTMVi ING QMS OR MORE. 
FUULTOEViBS EVAPORATWG 
GR&PHITC ELECTRODES \H M4 
EVXPORATIOM ZONE 



FLOVJWiS AUOU-REACTWE GAS "THROUGH 
THE EVAPORATION ZONE TO TRANSPORT 
THE. MIXTURE THROOGH A HEATED 
COMDUIT TO A HEATED FILTER ZONE 



I 



REMOVING SOLID IMPURITIES FROM 
THE MIXTURE AMD OPT\OH*LLY 
VAPORVZ.1NG ANY CONDENSED 
FULLERENES \N THE MWTL**E \N 
THE HEATED FILTER. ZONE 
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RECOVERING SEF*RRATLY OWE OR MOPE 
FULLERENE& FROM THE GAS IK A 

CONDENSATION ZONE 
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